INSTRUCTION
Earth has recently experienced profound environmental change from rising mean global temperatures and changes in precipitation patterns (IPCC 2007; Wu et al. 2011 ) potentially affecting plants. Plants can adapt and tolerate relatively large environmental changes (Knight & Ackerly 2003) , their phenotypic plasticity tolerates rapid and flexible adjustment to environmental change (Sultan 2000) . Understanding the effects of environmental factors on phenotypic expression is crucial for predicting plant response in real time to environmental change (Hudson et al. 2011) .
One strategy for plants to adjust to changes in environmental conditions is to modify their leaf morphology (Niinemets 2001 , Wright et al. 2004 . A key leaf trait is specific leaf area (SLA, leaf area per unit dry mass), which quantifies light capture and CO 2 assimilation capacity (Wei et al. 2011 ). Substantial intraspecific variation in SLA is common, often correlating with temperature and water availability (Poorter et al. 2009 ). The phenotypic plasticity of SLA has important implications for the survival probability of plant populations under changing environmental conditions (Scheepens et al. 2010 (Milla 2009 ), probably responding to decreasing temperature (Körner 2003a ), or changes in water availability (Poorter et al. 2009 ). Plant species occurring in more stressful environments have smaller, thicker leaves and exhibit lower SLA (Knight & Ackerly 2003) . The SLA-environment relationship has been studied extensively (e.g. Scheepens et al. 2010 , Wei et al. 2011 ), but the response of SLA at the regional scale is unclear (Milla et al. 2008) . Uncertainty exists if the strategy shift in SLA is caused by environmental change as both these factors vary within and across plant species (Garnier et ABSTRACT: Understanding the response of plant traits to environmental change is critical. Specific leaf area (SLA) is an important plant functional trait, correlating with environmental conditions and indicating certain ecophysiological traits. Although the SLA-environment relationship has been extensively studied, SLA response at the regional scale is limited. In order to study how SLA changes with environment at the regional scale, SLA and abiotic data were collected from five forest types distributed across 746 sites. These data were collected from studies examining the effect on SLA to temperature, precipitation and altitudinal variation. The mean SLA was 149±18, 100±7, 151±17, 154±22 and 113±25 cm 2 g -1 in Boreal/temperate Larix forest (TLF), boreal/alpine Picea-Abies forest (APAF), temperate/subtropical montane Populus-Betula deciduous forest (MPBF), temperate deciduous broadleaf forest (TDBF) and subtropical evergreen broadleaf forest (SEBF), respectively. With increasing mean annual temperature (MAT), SLA increased significantly in TLF and SEBF, but decreased significantly in APAF and MPBF. As mean annual precipitation (MAP) increased, SLA significantly increased in TLF and significantly decreased in TDBF. A significant negative correlation occurred between SLA and altitude in APAF, TDBF and SEBF. These results indicated that SLA may predict tree response to environmental change in some forest types. KEYWORD: altitude; environmental change; precipitation; phenotypic plasticity; SLA; temperature.
In China forests cover a large geographic area. The forest environments are characterized by steep temperature, precipitation and altitudinal gradients, providing ideal conditions to examine shifts in SLA across environmental gradients. To investigate a forest-level shift in plant SLA across different environments, we tested if the SLA in five different forest types shifted relative to changes in temperature, precipitation and altitude.
MATERIALS AND METHODS

Dataset
We compiled an SLA dataset (n = 746) from Luo's (1996) database (n = 685). These data included five major forest types in China: Boreal/temperate Larix forest (TLF), boreal/alpine Picea-Abies forest (APAF), temperate/subtropical montane PopulusBetula deciduous forest (MPBF), temperate deciduous broadleaf forest (TDBF) and subtropical evergreen broadleaf forest (SEBF).
These are typical forest types that occur from northern to southern China (Luo 1996) . For each selected data point we collected data on: latitude, longitude, altitude, mean annual temperature (MAT), precipitation (MAP) and biome type. We recorded the geographic range and climate for each forest type (Table 1) . , respectively) and low in APAF and SEBF (100±7 and 113±25 cm 2 g -1 , respectively).
The relationship between SLA and MAT was significantly positive in TLF and SEBF and significantly negative in APAF and MPBF (P  0.041, Table 2 ). SLA showed a significant positive correlation with MAP in TLF and a significant negative correlation with MAP in TDBF (P  0.008). SLA significantly decreased in APAF, TDBF and SEBF with increasing altitude (P  0.001). There was no correlation with SLA in TLF and MPBF. Table 2 . Standardized major axis regression (SMA) slopes and y-intercepts ( SMA and  SMA , respectively) for data of SLA (cm 2 g -1 ) and mean annual temperature (MAT) (℃), mean annual precipitation (MAP) (mm) and altitude (m). Data, grouped according to forest types, taken from Luo (1996 
DISCUSSION
Temperature is a key driver to variation in SLA in TLF, SEBF, APAF and MPBF. SLA showed a significant positive association increases with increasing MAT in TLF and SEBF, suggesting temperature regulation (Scheepens et al. 2010 ).
Increasing SLA is probably a response to increasing temperatures among and within plant species (Körner 2003b) . The increase in SLA can be realized through a decrease in leaf density and thickness ( , enabling the trees to overcome prolonged drought. In contrast, SLA was significantly higher with increasing MAP in APAF. Some researchers (e.g., Chabot & Hicks 1982) found that sclerophylly with low SLA, occurred in some high-rainfall environments (e.g. wetlands), possibly an adaptation to infertile-soil because soil is an important factor controlling leaf traits (Ordoñez et al. 2009) . APAF occur at relatively high altitudes, resulting in poor soil fertility where low nutrient levels may be important in favoring a low SLA (Turner 1994 , Fonseca et al. 2000 . Moreover, high precipitation often accompanies low temperature in mountain forests, potentially reducing SLA.
SLA evolved between plants and their environment to minimize the negative influence of harsh conditions (Meng et al. 2007 ). Altitude broadly influences plant species and environmental factors (Ma et al. 2010 ). Cordell et al. (1998) found that SLA of Metrosideros polymorpha decreased significantly with increasing elevation. Körner (2003b) found a decrease in SLA with increasing elevation resulting from leaf/needle size becoming smaller but thicker (Pan et al. 2009 ). Similarly, our study found that SLA significantly decreased with altitude in APAF, TDBF and SEBF. Ma et al. (2010) demonstrated that SLA was closely associated with photosynthetic capacity. Decreasing SLA with increasing altitude was realized through an increase in leaf density and thickness (Atkin et al. 2006 , Poorter et al. 2009 ). We suggest that these changes are an investment in photosynthetically active tissue, promoting leaf efficiency in light capture (Körner 2003b , Scheepens et al. 2010 ). Moreover, increasing photon flux density from reduced cloud cover during the growing season at higher altitude could be a complementary mechanism of low SLA of trees at high altitudes (Milla 2009 ).
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